Background: The course and outcomes of hip fracture patients are often complicated by the presence of dementia and delirium, referred to as cognitive impairment (CI), which limits access to in-patient rehabilitation. In response to this concern, members of our team developed and piloted an in-patient rehabilitation model of care (Patient-Centred Rehabilitation Model; PCRM) targeting patients with hip fracture and CI (PCRM-CI). We are now conducting a 3-year study comparing an inpatient rehabilitation model of care for community dwelling individuals with hip fracture and CI (PCRM-CI) to usual care to determine whether it results in improved mobility at the time of discharge from inpatient rehabilitation. Methods/Design: A non-equivalent pre-post design is being used to evaluate the PCRM-CI compared to usual care. All community dwelling (private home or retirement home) patients following a hip fracture are eligible to participate. Recruitment of both cohorts is taking place at two facilities. Target accrual is 70 hip fracture patients in the PCRM-CI cohort and 70 patients in the usual care cohort. We are also recruiting 70 health care providers (HCPs), who are being trained to implement the PCRM-CI, and their unit managers. Patient data are collected at baseline, discharge, and 6 months post-discharge from an inpatient rehabilitation program. Evaluations include mobility, physical function, and living arrangement. Additional outcome variables are being collected from medical records and from the patients via their proxies. Data on the prevalence and severity of dementia and delirium are being collected. Staff data are collected at baseline and one year after implementation of the model to determine change in staff knowledge and attitudes toward patients with hip fracture and CI. Bi-monthly semi-structured interviews with unit managers have been conducted to examine factors and barriers influencing the model implementation. Data collection began in 2009 and is expected to be completed in 2012. The control cohort of 70 patients has been recruited, and 45 patients have been accrued to the intervention group to date.
Background
A hip fracture is often a catastrophic event that results in significant impairment in mobility and function, and excessive institutionalization [1] . An estimated 25% to 75% of patients who are independent before their fracture can neither walk independently nor achieve their previous level of independent living within 1 year following the fracture [2] . Projections suggest that by 2041 the incidence of hip fractures in Canada will increase nearly four-fold [3] , with an annual increase in economic burden of $2.4 billion per year [4] , which is similar to other countries [5] .
The course of hip fracture patients is often complicated by the presence of dementia and/or delirium. Dementia refers to a global loss of cognitive and intellectual functioning that gradually interferes with social and occupational performance [6] . Delirium is characterized by an acute decline in attention and cognition [7] and is linked to increased post-operative morbidity post-hip fracture [8] . Delirium may take weeks to months to diminish [9] . Both conditions are characterized by the presence of cognitive impairment (CI) across a spectrum of severity [8] . Two-thirds of cases of delirium occur in patients with dementia [10, 11] . Studies have shown that 31 to 65% of older orthopedic patients have dementia and/or delirium [12] . As a result of the demographic shift to an aging population, the prevalence of dementia and the incidence of delirium in hip fracture patients are expected to progressively increase over the next 25 years [13] . In hip fracture patients, CI and low pre-fracture functional status are the most important predictors of poor prognosis regarding walking ability and return to independent living. [14] .
Despite emerging evidence that patients with dementia and delirium can improve their mobility and function in rehabilitation [15, 16] , current health care services for people with a hip fracture and CI are fragmented and limited such that few patients are able to access rehabilitation services [4, 17, 18] . The lack of rehabilitation for these patients has negative consequences for the patients and the health care system: specifically, 1) hip fracture patients with CI have worse long-term mobility and functional outcomes compared to those without CI; and 2) many patients with CI have extended stays in acute care, some for several weeks, instead of being cared for in a less costly inpatient rehabilitation setting [19] . For those hip fracture patients with CI who are transferred to inpatient rehabilitation settings, the professional health care providers (HCPs) lack the necessary skills and knowledge about cognitive and behavioural strategies to care for them [20, 21] .
Despite research findings on rehabilitation, dementia, and delirium care, there are no rehabilitation models of care that combine these elements into a comprehensive model. To address this limitation we developed a model of care for all patients with hip fractures, with specific components of the model targeted for those patients with CI, referred to as Patient-Centred Rehabilitation Model (PCRM-CI). Our model is the first to include the following 5 components: rehabilitation management; dementia management; delirium prevention and management; staff education and support; and family/significant other support and education. Rationale for the separate components of the model is derived from the literature ( Table 1) .
Care of persons with dementia and delirium was guided by the 4 principles underlying the REAP (Relate well, Environmental manipulation, Abilities focused and Personhood) model of care conceptualized by the Principal Investigator (PI) [22] . First, staff's ability to relate well is an essential component of HCP-patient interactions [23, 24] . Depending on the patients' level of CI, they may have difficulty understanding words or following directions [25] . Staff are taught techniques to relate effectively to their patients. Second, person-environment theory [26] argues for the need for synergy between person and environment. The environment must be modified and changed to accommodate the person's changing needs and preferences. HCPs are taught to control the daily activity schedule of the patient in order to maintain a balance between high and low arousal states [27] . Third, abilities focused care [28] involves staff focusing on patients' retained abilities. The ability of persons with dementia to perform Activities of Daily Living (ADLs) is influenced by their performance of purposeful movements, understanding of spatial orientation, and the ability to initiate activities. HCPs are taught to follow the steps of asking, cueing and demonstrating, before doing the activity for the patient. Fourth, Personhood [29] refers to knowing a person, becoming familiar with the individual, gaining knowledge of a person's life, and identifying "what makes them tick" [30] . This process may involve partnering with families to gain needed knowledge. An understanding of the individual assists HCPs to become aware of the patient's unmet needs, such as pain, often manifesting as behavioural agitation [31] .
The model was piloted on one musculoskeletal rehabilitation (MSK) unit at Toronto Rehabilitation Institute (Toronto Rehab) [32] . Results suggest that HCPs can learn to successfully rehabilitate hip fracture patients with and without CI utilizing this model [32] . Subsequently, the researchers decided to develop a demonstration project to address the following aims: 1) to evaluate the short and long-term patient outcomes associated with the PCRM-CI model of care as compared to usual care; 2) to determine if the PCRM-CI model can be replicated and sustained in a variety of communitybased facilities that have different combinations of staff/ patient ratios, staff skills, etc.; and 3) to establish, from a health human resource perspective, the influence on rehabilitation staff of caring for clients with CI. The overall purpose of this study is to establish a best practice model that will allow hip fracture patients with CI to regain their mobility and function. The findings of this research will have a major impact on the organization, management and delivery of services for the large and rising number of hip fracture patients with CI. The conceptual model for our study is depicted in Figure 1 .
Specific objectives

Primary objective
To determine whether the PCRM-CI model, an inpatient rehabilitation model of care targeting community dwelling individuals with hip fracture and CI (dementia and/ or delirium), results in improved mobility at the time of discharge from inpatient rehabilitation.
Secondary objectives
1) To determine whether the PCRM-CI model for persons with hip fracture and CI results in: i) improved mobility at 6 months post-discharge from inpatient rehabilitation; ii) greater improvement in physical functioning at the time of discharge from inpatient rehabilitation and at 6 months post-discharge; iii) a higher proportion of patients returning to their previous living situation in the community at discharge and at 6 months post-discharge. 2) To determine whether the PCMR-CI model results in similar improvements in mobility at discharge from inpatient rehabilitation and 6 months post-discharge for patients with and without CI. Note: OT occupational therapist; PT physiotherapist, APN Advanced practice nurse, SW social worker.
3) To evaluate whether the PCMR-CI model improves HCPs' attitudes, knowledge, satisfaction, and stress, in caring for patients with CI. 4) To examine the processes by which the PCRM-CI model is implemented by describing: i) the evidence based components of the model that facilities adopt (i. e., how rehabilitation staff in the facilities decide which components they will and can replicate); ii) the context (i.e., evaluation of the preparedness of the context to embrace and sustain implementation); and iii) how the change is facilitated (i.e., how and what supports the unit managers use to introduce, implement and sustain the new model) at the study sites.
Methods/Design
A non-equivalent quasi-experimental before-after design is being used. Two sites have agreed to participate in the study. Multi-site sampling increases robustness by allowing for an assessment of comparisons and contrasts between the sites. Patient outcomes will be assessed at the time of discharge from inpatient rehabilitation and 6 months after discharge in cohorts of patients at both sites before and after implementation of the PCRM-CI model. The study has been registered at http://clinicaltrials.gov, Identifier NCT01566136.
Setting and sample
The study is being conducted in two in-patient rehabilitation units at community rural sites. Site A is a 40-bed MSK rehabilitation unit in a 500-bed community hospital located 45 miles east of a large urban area. Site B is a 20-bed MSK rehabilitation unit at a small 120-bed community hospital. Ethics approval was obtained from both research sites and from Toronto Rehabilitation Institute. The patient inclusion and exclusion criteria are: a) 65 years or older, b) admitted to rehabilitation directly from an acute care hospital after receiving surgery for a hip fracture; c) living in the community in a private home or residential setting (where an individual has services and supports but does not require 24 hour nursing care) prior to sustaining the hip fracture, d) able to speak and understand English; and e) have a family member or close friend who is familiar with the patient's prefracture condition and can act as a collateral informant. The patient exclusion criteria are: a) a pathologic hip fracture; b) a hip fracture associated with multiple trauma; and c) a previous hip fracture. All nursing staff, administrators and therapists caring for patients on the selected units will be invited to participate to assess their perceptions of the PCRM-CI. Written informed consent is obtained from both the patient and the caregiver/collateral informant at the first meeting following admission. Tables 2 and 3 list the quantitative and qualitative data we are collecting to meet the study objectives. In order to maximize the likelihood of observing a significant effect of the PCRM-CI model, we have selected outcome measures that have been shown to be sensitive to the model in our pilot work. We have focused our measurements at the point of discharge from rehabilitation and then at 6 months post-discharge, since recovery of ADLs often plateaus at this time [33] .
Sources of data
Quantitative data
Patient characteristics Age, sex, education level, cognitive status (Mini-Mental State Exam; MMSE) [34] , pre-fracture cognitive decline (Informant Questionnaire on Cognitive Decline in the Elderly; IQCODE) [35] , delirium (Confusion Assessment Method; CAM) [36] , delirium severity for those with delirium (Delirium Index) [37] , pre-fracture functional status (Older Americans Resources and Services Instrument; OARS) [38] , co-morbidities (the number of medical diagnoses), and social support (living alone or with someone). Level of education, level of social support, OARS, and IQCDODE, are being collected from the collateral informant.
In this way, patient's recall bias will not be a concern. Sex, age, and co-morbidities will be obtained from the National Rehabilitation Services (NRS) database, as these data are collected by all rehabilitation facilities in Ontario. MMSE, CAM and Delirium Index are being collected by the research associate (RA) on admission and at discharge. Every week the RA will also do a CAM to screen for delirium for every patient enrolled in the study because up to 61% of elderly patients post-surgery may become delirious during their stay [7] .
Patient outcomes
Mobility and physical functioning outcomes will be collected by the RA. Living situation will be collected from the collateral informant. a) Mobility, the main outcome variable, will be measured by the Functional Independence Measure (FIM) locomotion and mobility subscales, referred to as the FIMM [39] . These subscales measure the ability to walk and climb stairs and the ability to transfer in and out of bed, toilet, and tub/shower. The FIMM has well established reliability and validity and has been shown to have a high sensitivity for detecting functional improvement in patients across a spectrum of functional abilities and comorbidities [32, 39, 40] . b) Physical Functioning will be assessed with the motor-FIM [41] , which is the most widely used scale to assess the function of patients with CI following hip fractures [6, 15, [42] [43] [44] . The motor-FIM scale has a high sensitivity for detecting functional improvement in patients with varying functional status and varying degrees of comorbidities and has been closely associated with the amount of care required by CI patients [45] . FIM data have been validated for caregiver proxy report [43] and for telephone administration [46] . c) Return rates to previous living situation: The living situation will be classified into 4 categories: i) discharge to private community setting including home alone, home with spouse, home with other; ii) retirement home; iii) nursing home; and iv) acute care hospital, as categorized in previous studies with CI patients following rehabilitation [43] .
Heath care practitioner
Demographic characteristics The age, sex, education, experience, job category, and length of time working on the unit will be recorded in a questionnaire. We anticipate that most, if not all, staff will be willing to participate because of the endorsement of our research by administrators at the two institutions and based on previous HCP recruitment rates for evaluation studies [47, 48] .
HCP outcomes a) Attitudes: The Approaches to Dementia Questionnaire (ADQ) will be used to assess HCPs' attitudes. Two subscales indicate the staff member's degree of hopefulness about dementia and the extent to which a person-centred approach is espoused [49] . The subscales have good reliability and have been validated against direct observation of the quality of staff care interactions with patients [50] . b) Knowledge of Dementia: The Dementia Quiz will be used to measure the knowledge that HCPs have about dementia [51] . The subscales have moderate reliability (.63 for knowledge and .57 for coping) and have demonstrated predictive validity for staff experienced with caring for persons with dementia. c) Satisfaction Working with Patients with Dementia:
This measure includes 21 items assessing satisfaction; each item is scored from 0 (not at all) to 4 (extremely) and summed to create a total score ranging from 0 to 84. Reliability and validity of the scale have been demonstrated [52] . d) Work Stress Inventory (WSI): We will use a modification of this measure that is derived by averaging the frequency of 45 stressors, each scored 1 (never-not at all) to 5 (often-very well). Reliability and validity of the scale have been [52] . The subscales are grouped into three domains; task stressors, relationship stressors, and system stressors.
Qualitative data
Qualitative sampling and data collection We will use theoretical (also referred to as purposive) sampling for our qualitative methods of data collection. Theoretical sampling is a specific type of non-probability sampling in which the objective of explanation determines the specific criteria by which a sample is selected. Qualitative data collection for Advanced Practice Nurse (APN), HCPs, and unit managers includes: i. APN: The APN will assess treatment fidelity of staff by recording workshop participation, the extent to which sessions were conducted as intended, and barriers and facilitators regarding the delivery of the in-services (e.g. group dynamics, comprehension of material). ii. HCPs: We will conduct focus group interviews with a sub-sample of the HCP participants of the study. The purpose of these focus groups will be to understand how and why the model of care worked or failed, the need for refinement, and the factors important for replication. Specifically, the evidence adopted, the context, and the facilitation methods that influenced the implementation will be sought [53] . iii. Unit manager: Following the introduction of the new model of care onto the unit, semi-structured interviews will be conducted with the unit managers of the two sites every 2 months over the 1 year period. The purpose of the interviews is to probe the evidence based components of the PCRM-CI model that the sites replicated (i.e., how individuals at the sites decide which components they will and can replicate), the context, and how the change is facilitated.
Intervention
The patient centred rehabilitation model targeting patients with CI
Staff will be introduced to 5 components of the PCRM-CI in a one-day workshop prior to implementing the PCRM-CI model. They will then be provided with 8 additional educational sessions throughout the year. A manual detailing all aspects of training, including specifics on how to present the material, ideas for stimulating discussion, and case vignettes to illustrate training concepts was developed for our pilot study and is being used for this study.
PCRM-CI components
1) Rehabilitation management post hip fracture includes conducting physical and cognitive assessments at admission (functional assessment, pain, depression, premorbid functioning assessment), deciding on person-centred goals with the patient and family, setting a discharge date early, weekly team meetings to discuss methods of improving rehabilitation for the patients, and intensive interdisciplinary daily rehabilitation [54, 55] . Intensive daily rehabilitation includes hip range of motion, lower extremity strengthening, and daily increase of ambulation distance using the lowest level of assistance/aids required, with careful attention to pain management [56] . Additional rehabilitation management includes providing advice, training, encouragement, drug treatments, and help with equipment and daily living aids.
The physiotherapist and occupational therapist provide therapy once a day for 1 hour, 5 days a week. In addition, nursing staff walk the patient to the bathroom and/or dining room several times a day. A clinical pathway that was used during Phase 1 has been given to staff for their use. 2) Dementia management involves assessment of cognition using the MMSE within the first 3 days of admission to rehabilitation, and use of the REAP model in practice. For example, when patients become anxious, staff are asked to focus on the REAP for assessment and intervention solutions. Do staff approach the patient and introduce themselves and their purpose? Does the environment need to be manipulated, (e.g. therapy at the bedside versus the gym) during the first week in order to make it more conducive for the patient who has CI? 3) Delirium management involves assessment for its presence using the Confusion Assessment Method (CAM) within 3 days of admission to rehabilitation, assessing severity with the Delirium Index if it is found to be present, addressing pre-disposing factors, and managing symptoms of delirium using the REAP model (e.g., reorient patient, encourage family involvement, use clocks, normalize sleep) [7] . A delirium protocol developed in Phase I will be given to staff. It includes the CAM and interventions to manage delirium. 4) Staff education and support is an integral component of the model of care and as such an APN in gerontology will be hired for 1 year at the time that the model is implemented. As the dementia and delirium care components of the program are new for most staff, the APN will help HCPs learn how to conduct the assessments and interventions at the bedside.
Furthermore, since many of the patients have multiple comorbidities and are frail, additional 30 minute educational sessions are provided to enhance HCPs' knowledge base about non-pharmacological sleep interventions, falls assessment and prevention strategies, pain management, bladder re-training and bowel management. Three additional non-clinical inservices will focus on team building, nursing rehabilitation standards of practice, and roles and responsibilities of team members. An additional responsibility of the APN will be to "grow an expert" within the facility in order to sustain the new model of care beyond the period of the study. 5) Individualized family support and education will be provided by the team and will be reinforced on admission to the unit with a brochure which includes the goals of the rehabilitation program.
Additional written aids will be given to family members including: information on delirium, resources available once the patient is home, and a discharge booklet to prepare for going home.
Data collection
Ethics approval was obtained at the sites and the RAs (one at each site) have been trained in data collection procedures by the PI and a clinical psychologist for the cognitive scales (MMSE, CAM, Delirium Index, and IQCODE) and by a co-investigator for the FIM scale. The RAs have also been trained to conduct interviews, to take field notes and to record factors that may influence the adoption of the model into practice. Each RA is responsible for recruitment, data collection, and data management for one institution. The study is running at the same time in both facilities. Staff have been asked to participate within the first few months of the project. Recruitment of patients in the usual care group has taken one year. Following this period, the workshop developed in phase 1 was given to all HCPs on the unit. The criteria for admissions were then revised to allow a larger number of community dwelling patients with CI to be admitted. Eight additional educational sessions, described earlier, have been given to the staff during a three-month learning period. Recruitment of patients for the PCRM-CI model of care has commenced, and accrual will take 8 months.
Sample size
Sample size was determined based on the pilot data on two outcome measures and based on the requirement of the statistical methods that will be used to test the objectives. The primary outcome is the mobility gains score, the difference between mobility scores at discharge and at admission. In the Pilot Project at Toronto Rehab [32] , the mean mobility gains score was 12.0 with a standard deviation of 5.7. This effect size was large: 2.1. The mean mobility gains score is expected to be higher for the PCRM-CI group than for the usual care group. If we assume that the mean mobility gains score for the usual care group will be 7.2 and the mean mobility gains score for the PCRM-CI group will be 12.1, with a common standard deviation of 5.7, the sample size estimate is 23 patients with an alpha of 0.05, power of 80% and a two sided t-test. In the Pilot Project, a secondary outcome was the rate of return to the community, which was 80% for patients with CI, and the PCRM-CI group is expected to maintain this rate. One can estimate that the rate of return to the community in the Usual Care group is about 50%. For comparison of these two proportions, with an alpha of 0.05 and power at 80%, the sample size estimate is 39 patients for each of the Usual Care and PCRM-CI groups. In order to allow for attrition, our goal will be to recruit additional patients beyond the minimums for a sample size of 140 patients (70 patients in each cohort).
Previous recruitment rates for evaluation studies have indicated that most staff are willing to participate. A sample size of 35 staff was estimated as sufficient to demonstrate changes in HCPs' attitudes, based on results from the pilot project.
Data analysis
Objective #1: The primary objective is to determine the impact of PCRM-CI on improvements in mobility (FIM locomotion and mobility) at discharge. At each site and for Usual Care and PCRM-CI groups, mobility is to be assessed at entry into rehab and at discharge from rehab. The change scores for patient outcomes will be compared with paired t-tests by cohort and site. In secondary analyses, multivariate regression will be used to examine the independent effects of each independent variable of interest on patient outcomes while controlling for other predictors and patient baseline factors.
Objective #2 (1 & 2): In the second instance, the mobility and physical functioning change scores and return to prior residence for Usual Care patients will be compared to those for PCRM-CI patients to assess the relative impact of the PCRM-CI model on outcomes for each site. Cross tabulations will be employed to assess rates of return to residence by rehab program and site. In particular, patients with CI are to be specifically targeted in the PCRM-CI model. We will compare means of mobility and physical functioning gains scores for patients with and without CI by program and site to assess the relative impact of the PCRM-CI model on patients with CI. In secondary analyses, multivariate regression will be used to examine the independent effects of each independent variable of interest on patient outcomes while controlling for other predictors and patient baseline factors.
Objective #2 (3): The introduction of the PCRM-CI model on the two units is meant to a) improve HCPs' knowledge and attitudes toward working with hip fracture patients with CI, and b) measure the impact on provider satisfaction and work stress of working with these patients.
To meet this objective, descriptive statistics and paired t-tests analyses will be used for assessing the effects of the PCRM-CI model on provider experiences. Finally, the investigators will combine the qualitative assessments of HCPs in evaluating the impact of the PCRM-CI. Data pertaining to APN, HCPs and unit manager (interview and focus group transcripts, education log, field notes and treatment checklist) will be analyzed. Using an organizing/categorizing approach, each piece of qualitative data will be compared with every other piece of relevant data to develop insights into evidence, context and facilitation. The first step consists of reviewing all of the data sets and breaking the data down into discrete parts that are subsequently compared for similarities and differences (opencoding). The second step consists of putting the data together in new ways, by making connections between categories. The final step consists of systematically relating core categories to other categories, in order to integrate or refine analysis (selective coding). All the data sets will be reviewed to validate the core concepts [57] .
Discussion
In most rehabilitation facilities, CI makes patients ineligible for admission to rehabilitation. This leads to huge costs to the health care system as many of these patients await placement in acute care beds, become institutionalized, and within a year are immobile [15, 19, 58] . Based on results from our pilot work, we hypothesize that the PCRM-CI model can improve the mobility and functional outcomes of clients with CI, and allow them to return home at their prior level of function. This controlled study will provide evidence of the clinical effectiveness of this model. This demonstration project will also allow us to study the contextual factors important for understanding the transferability of the model into other jurisdictions, beyond academic teaching facilities. Study results will provide decision and policy makers with practical knowledge on models of care for persons with a hip fracture who have CI.
The study is critical given the increasing number of elderly persons with hip fractures, as it will contribute to meeting the emerging health needs of the population by improving the provision of services for elders with CI. Progress to date includes the collection of data on all 70 control subjects. At 6 months our sample was reduced by 8% due to attrition and mortality. Forty-five intervention subjects are enrolled with an end date of March 2012. From both facilities 65 health care professionals have agreed to participate in the study and have completed questionnaires at time 1 with the time 2 data to be completed at the end date. Implementation of the model of care is timely, as the population is aging and the number of individuals with hip fracture and cognitive impairment is increasing. Sustainability after the life of the research project will be achieved by mentoring a staff person to be a 'clinical coach' , i.e., a future resource. If this rehabilitation model of care proves successful at the two study sites, there will be resources dedicated to implement the model of care into other rehabilitation facilities in its catchment area. This will likely also influence the practices of other hospitals, in keeping with their commitment to seniors' care.
Given our extensive inclusion criteria and our partnering with community-based facilities, we anticipate that our study results can be generalized to hip fracture patients nationally and internationally. Hence, this study is timely and relevant to policy makers, health care administrators and providers, and the public.
